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The National Committee for Clinical Laboratory Standards (NCCLS) proposed macrobroth reference
method (M27P) for susceptibility testing of yeasts is technically difficult. We evaluated Etest, a simple
agar-based MIC methodology, as a possible alternative. In studies of six yeast quality control strains, Etest
yielded results identical to those obtained by the NCCLS reference method for both amphotericin B and
fluconazole. In studies of 91 clinical Candida isolates, agreement 6 2 dilutions between the two methods was
95% for fluconazole with phosphate-buffered RPMI 1640 agar and 96 to 97% for amphotericin B with either
MOPS (morpholinepropanesulfonic acid)-buffered RPMI 1640 agar or antibiotic medium 3 agar. While the two
methods had excellent general agreement, testing of a collection of amphotericin B-resistant isolates demon-
strated that, unlike the NCCLS reference method, Etest readily identified the resistant isolates and could do
so with a defined medium. Etest is equivalent to the NCCLS proposed method for susceptibility testing of yeasts
and superior in its ability to detect amphotericin B resistance.

In vitro susceptibility testing of yeasts is fraught with numer-
ous problems and affected by factors such as media, buffer, and
inoculum density (11). A proposed standard (M27P) using
RPMI 1640 medium buffered with morpholinepropanesulfonic
acid (MOPS) to pH 7.0 in a macrobroth format with incuba-
tion for 48 h at 358C has been published by the National
Committee for Clinical Laboratory Standards (NCCLS) (6).
This method is time-consuming, expensive, and technically dif-
ficult to perform. Modifications of the NCCLS method using a
microbroth format will simplify its implementation and have
demonstrated results comparable to those for the proposed
standard (5). Both of these methods are, however, particularly
lacking in their ability to differentiate among amphotericin
B-susceptible and -resistant isolates unless antibiotic medium 3
is substituted for RPMI 1640 (9, 11).
Etest, a novel method utilizing a stable gradient of an anti-

microbial agent, has been well documented as an accurate and
simple method for bacterial susceptibility testing (12), and
Etest has recently been shown to produce results comparable
to those obtained with the NCCLS method for ketoconazole,
itraconazole, and fluconazole (3, 4). We have extended this
work by comparing the NCCLS method with Etest for testing
of susceptibility of Candida isolates to both fluconazole and
amphotericin B for a group of clinical isolates as well for a
group of recently described quality control strains (7, 8). In
addition, having recently demonstrated that the NCCLS refer-
ence method has a limited ability to detect amphotericin B-
resistant isolates unless antibiotic medium 3 is substituted for

RPMI 1640 (9), we also studied the ability of Etest to identify
these amphotericin B-resistant isolates.

MATERIALS AND METHODS

Isolates. Study strains included 91 yeast isolates from blood, a subset of those
previously described by Rex et al. (9, 10). A collection of previously described
putatively amphotericin B-resistant isolates were used to evaluate the ability of
the two test methods to discern resistance to amphotericin B in vitro (2, 9). Six
previously described proposed quality control strains were also tested (7, 8).
Antifungal agents. Reference grade lots of amphotericin B (Bristol-Myers

Squibb) and fluconazole (Pfizer Pharmaceuticals) were obtained from the man-
ufacturers. By using the procedures specified by the M27P method (6), stock
solutions of amphotericin B (in dimethyl sulfoxide) and fluconazole (in water)
were prepared and diluted for testing at final concentrations from 0.03 to 16
mg/ml (amphotericin B) and 0.125 to 64 mg/ml (fluconazole) in the macrobroth
format. Amphotericin B and fluconazole Etest strips ranging in dilution from
0.002 to 32 mg/ml were kindly provided by AB BIODISK (Solna, Sweden).
Antifungal susceptibility testing. (i) Etest. Five colonies of a Candida sp. from

a fresh plate were suspended in saline to achieve a turbidity comparable to a 0.5
McFarland standard. This inoculum was swabbed onto the agar plate and al-
lowed to dry for 10 to 15 min before the Etest strips were applied. Media used
were RPMI 1640 with L-glutamine (American Biorganics, Niagara Falls, N.Y.)
and antibiotic medium 3 (Difco, Detroit, Mich.). Both media were supplemented
with an additional 2 g of glucose per 100 ml, and Bacto agar (Difco) was added
to produce a final concentration of 1.5 g/100 ml. For testing of amphotericin B,
the media were buffered to pH 7.0 with 0.165 M MOPS. Fluconazole was tested
only on glucose-supplemented RPMI 1640 buffered to pH 7.0 with 0.1 M phos-
phate. Plates were incubated at 358C in plastic bags to retain moisture. MICs
were read after 48 h of incubation. For both amphotericin B and fluconazole,
Etest MICs could often be read at 24 h, and 24-h MICs did not differ significantly
from 48-h MICs (data not shown). However, the MIC was more easily identified
after 48 h of growth, especially for slowly growing isolates, and thus the 48-h
MICs were used throughout. Amphotericin B MICs were the lowest concentra-
tion on the Etest strip at which there was 100% inhibition of the organism. The
fluconazole MIC was the least concentration at which there was 80% inhibition
of growth as described and illustrated in the Etest technical guide for antifungal
susceptibility testing (1).
(ii) Macrobroth. Macrobroth MICs were determined by the NCCLS M27P

method (6). As specified by the M27P method, the MIC was read as the con-
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centration which inhibited growth (amphotericin B) or produced an 80% reduc-
tion of turbidity in comparison with the drug-free control (fluconazole).

RESULTS

Etest MICs for NCCLS quality control strains. The MICs
obtained by Etest for fluconazole and amphotericin B were
compared with the reference MIC ranges for two quality con-
trol strains and four reference strains of Candida species de-
scribed by Pfaller et al. (7, 8). The results of testing of these
select isolates with the Etest are shown in Table 1 and dem-
onstrate that Etest MICs were found to be within the recom-
mended ranges for all isolates.
Testing of susceptibility to fluconazole. A set of 64 clinical

yeast isolates were tested for susceptibility to fluconazole both
by NCCLS M27P macrobroth dilution and by Etest on phos-

phate-buffered RPMI 1640 agar. The overall agreement 6 2
dilutions between M27P and Etest was 95% and ranged from
92% for isolates of Candida glabrata to 100% for C. parapsilosis
(Table 2).
Testing of susceptibility to amphotericin B. A total of 91

isolates were tested for susceptibility to amphotericin B by the
NCCLS M27P macrobroth method and Etest. Although RPMI
1640 is a defined medium, it does not support good growth of
all yeasts, and growth was more luxuriant on antibiotic medium
3 for the majority of clinical isolates tested. Good agreement
was seen between the NCCLS M27P method and Etest with
both RPMI 1640 and antibiotic medium 3. Agreement 6 2
dilutions for all isolates was 97 and 96% for RPMI 1640 and
antibiotic medium 3, respectively (Table 3).
Identification of amphotericin B-resistant isolates. Results

of a comparison of the two methods using several isolates
previously tested in an animal model of candidiasis and other
clinical isolates with high MICs are shown in Table 4. In par-
ticular, the MICs for two isolates that are known to be ampho-
tericin B resistant on the basis of in vivo testing (5W31 and
CL2819) were strikingly different from the MIC for the sus-
ceptible control from that study (CL524). The MICs for Y533
and Y534, two isolates that appear intermediate in their sus-
ceptibility to amphotericin B but that have not been tested in
an animal model, were at the upper end of the MIC range for
the collection of blood isolates when tested on RPMI 1640
agar and slightly higher than that range when tested on anti-
biotic medium 3.

DISCUSSION

We have shown that Etest, an accurate and easy-to-perform
method for susceptibility testing of bacteria, appears equiva-
lent to the proposed NCCLS reference macrobroth method for
testing of Candida species susceptibility to antifungal agents.
As shown by others (3, 4), the methods are equivalent for the
azole antifungal agents, and we have now shown this for am-
photericin B as well. Etest MICs for both drugs were in range
for the two quality control and four reference isolates of Can-
dida species recently identified for use with the NCCLS mac-
robroth method. In testing a large number of Candida isolates,
agreement between the two methods was 95 and 96% for
fluconazole and amphotericin B, respectively.
Of great interest is the ability of Etest to discriminate be-

tween putatively amphotericin B-susceptible and -resistant iso-
lates (Table 4). Compared with the results obtained for the
putatively susceptible pool of bloodstream isolates (MIC, 0.125

TABLE 1. Etest MICs of quality control strains

Organism and antifungal agent

MIC (mg/ml)

Recommended

Etest

RPMI 1640
agar

AM3
agara

C. parapsilosis ATCC 22019
Amphotericin B 0.25–1.0 0.25 0.5
Fluconazole 2.0–8.0 4.0

C. krusei ATCC 6258
Amphotericin B 0.5–2.0 0.5 2.0
Fluconazole 16–64 32

C. albicans ATCC 90028
Amphotericin B 0.5–2.0 0.5 0.5
Fluconazole 0.25–1.0 0.5

C. albicans ATCC 24433
Amphotericin B 0.25–1.0 0.25 0.5
Fluconazole 0.25–1.0 0.5

C. parapsilosis ATCC 90018
Amphotericin B 0.5–2.0 0.5 0.5
Fluconazole 0.25–1.0 0.5

C. tropicalis ATCC 750
Amphotericin B 0.5–2.0 0.5 1.0
Fluconazole 1.0–4.0 2.0

a Fluconazole MICs were not determined on antibiotic medium 3 (AM3).

TABLE 2. Antifungal susceptibilities to fluconazole by M27P and Etesta

Species (n) [64]

MIC (mg/ml)

% Agreementd

[95]
M27Pb Etestc

Range
[0.125–.64]

50%
[0.5]

90%
[32]

Range
[0.5–.64]

50%
[1]

90%
[32]

C. albicans (23) 0.125–2 0.25 0.5 0.25–4 0.5 1.0 96
C. parapsilosis (12) 0.25–8 1.0 4.0 0.25–4 1 4.0 100
C. tropicalis (14) 0.25–2 0.5 1.0 0.5–4 1 4.0 93
C. glabrata (12) 0.25–.64 16 64 0.5–.64 32 .64 92
C. krusei (2) 32 32–.32
C. lipolytica (1) 64 128

a Totals are indicated in brackets.
b NCCLS M27P macrobroth methodology.
c On phosphate-buffered RPMI 1640 agar.
d 6 2 dilutions.
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to 1.0 mg/ml; Table 3), the advantage of Etest over the refer
ence method is obvious. Further, the ability of Etest to identify
resistant isolates was not dependent on the use of the unde-
fined antibiotic medium 3, but was also possible on glucose-
supplemented RPMI 1640 agar. Even though modification of
M27P by use of antibiotic medium 3 permits identification of
the putatively resistant isolates (9), the MIC difference be-
tween the susceptible and resistant groups is still only 2 to 3
tube dilutions. On the other hand, Etest generally gave strik-
ingly different MICs for the putatively amphotericin B-resis-
tant isolates.
In conclusion, Etest is comparable to the NCCLS M27P

macrobroth method for testing of antifungal susceptibility of
clinical yeast isolates to amphotericin B and fluconazole. In
addition, Etest appears superior for the detection of resistance
to amphotericin B.
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TABLE 3. Antifungal susceptibilities to amphotericin B by M27P and Etesta

Species (n) [90]

M27Pb MIC (mg/ml)

Etest

RPMI 1640 Antibiotic medium 3

MIC (mg/ml) %
Agreementc

[97]

MIC (mg/ml) %
Agreementc

[96]
Range

[0.125–1.0]
50%
[0.5]

90%
[1.0]

Range
[0.125–1.0]

50%
[0.25]

90%
[1.0]

Range
[0.06–2.0]

50%
[0.5]

90%
[1.0]

C. albicans (53) 0.125–1.0 0.5 1.0 0.125–0.5 0.25 0.5 96 0.06–1.0 0.5 1.0 98
C. parapsilosis (10) 0.5–1.0 0.5 1.0 0.125–1.0 0.5 1.0 100 0.06–1.0 0.25 0.5 90
C. tropicalis (13) 0.5–1.0 0.5 1.0 0.125–1.0 0.5 1.0 92 0.06–1.0 0.25 0.5 85
C. glabrata (9) 0.5–1.0 1.0 1.0 0.5–1.0 0.5 1.0 100 0.25–2.0 0.5 1.0 100
C. krusei (2) 0.5–1.0 0.125–0.5 0.25–0.5
C. lipolytica (1) 1.0 1.0 4
C. lusitaniae (1) 0.5 0.25 1

a Totals are indicated in brackets.
b NCCLS M27P macrobroth methodology.
c 6 2 dilutions.

TABLE 4. Detection of amphotericin B resistance

Isolate, species

MIC (mg/ml)

Macrobrotha
Etest

RPMI 1640
agar

AM3b

agar

5W31 (Rc), C. lusitaniae 1–2 4–8 .32
CL2819 (Rc), C. lusitaniae 1–2 32 .32
Y533 (Rd), C. lusitaniae 0.5 1.0 .32
Y534 (Rd), C. lusitaniae 1.0 1.0 4
Y537 (Rd), C. albicans 1 32 .32
MY1012 (Rd), C. tropicalis 2 .32 .32
CL524 (Sc), C. parapsilosis 0.25 0.5 0.5

a NCCLS M27P macrobroth methodology.
b AM3, antibiotic medium 3.
c Known to be susceptible (S) or resistant (R) on the basis of in vivo data (2).
d Putative amphotericin B resistance (R) based on in vitro and in vivo data (9).
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